Cultures of the blue-reen alga, Aphanocapsa, were grown under irolimiting conditions and changes in concentration of redox components of the photosynthetic electon transport chain, patclarly iron-sulfur centers, were monitored by spectoscopic methods. A moderate iron depletion (1/10 of the normal concentration) had little effect on photosynthetic electron transport reactions and growth. Nevertheless, the amount of membrane-bound non-heme iron decreased sharply, and ferredoxin was nearly totally replaced by a flavin-containing protein, flavodoxin. Severe iron-deficiency (1/100 of the normal concentration) was accompanied by growth inhibition and decreased rates of photosynthetic eletr flow. The Photosystem I reaction center was most affected by iron depletion as evidenced by a decrease in the amounts of iron-sulfur centers A, B, and X. However, formation of other redox proteins, even those that do not contain iron, was also inhibited by severe iron deficiency.
In contrast to mitochondria, where Fe deficiency has been reported to result in a decrease of respiratory Fe-S centers and respiratory function (8, 13 ), a detailed study of the effect of limited Fe supply on plastidal Fe-S centers as well as on photosynthetic electron transport has not been made. There are reports of decrease in P700, the reaction center Chl of PSI and c-type Cyt in algae grown at low Fe concentrations (2, 12) but there are no reports of the effect of such growth conditions on membranebound Fe-S centers. In the present study, we have investigated the effect of Fe deficiency on the formation of Fe-S centers and other redox components of PSI and on the plastidal Cyt b6-f complex in the blue-green alga Aphanocapsa. The effect of Fe deficiency on partial reactions of the photosynthetic electron transport chain was also considered. ' Supported in part by grants from the National Institutes of Health and the National Science Foundation to R.M. and a fellowship from the Deutsche Forschungsgemeinschaft to G. S.
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MATERIALS AND METHODS
Cell Culture. Aphanocapsa 6714 was cultured in a liquid mineral medium as previously described (18 (Figs. 1 and 2) .
At a redox potential of approximately +60 mv, only the highpotential Rieske Fe-S center was observed, as indicated by its characteristic g = 1.89 signal (Fig. IC) (5) . Lowering the redox potential to approximately -330 mv resulted in the appearance of an additional Fe-S signal at g = 1.92 ( Fig. 1 B) . This signal has been associated with a membrane-bound NAD(P)H-quinone oxidoreductase present in blue-green algae. This signal is different from that of Fe-S center B, which also has a g = 1.92 component but appears at lower redox potentials. The (10) . In Figure 1D , the g, value of center A has shifted to 1.89, and this has been shown to occur when both centers A and B are found in the reduced state (9, 10) . Center X could be reduced by illumination at room temperature in the presence of dithionite at alkaline pH values; this center is characterized by a g value of 1.75 (Fig. 2) . The amplitude of the EPR signals is directly proportional to the amount ofthe reduced Fe-S center and these signals have been used to study the effect of Fe deficiency on the respective paramagnetic centers. The signals described under the specific conditions of Figure IA through IE and Figure 2 were used to determine the relative concentrations of Fe-S centers as a function of iron depletion. In addition, the relative amount of P700 could be estimated from the difference spectra from EPR spectra as well as by the optical method of (1). The P700 EPR signal in the g = 2.00 region was corrected for signal II, which does not show any change in amplitude after low temperature illumination. Except for soluble Fd, which can be easily isolated, no absolute calibration of the EPR signals was possible and only relative amounts of the membrane-bound Fe-S centers could be determined.
Decrease of Redox Proteins in Fe-Depleted Cells. All membrane-bound Fe-S centers and P700 were found to decrease when cells were grown in a medium supplemented with low amounts of Fe (0.3 AM). The Fe-S centers of PSI (centers A, B, and X) were found at a level of 10 to 20% of that of control cultures grown in the presence of 36 AM Fe ( (Fig. 3) . Decreasing the Fe concentration in the growth medium from 36 to 3 gM had no significant effect on the shape of the growth curve. In cultures grown with 0.3 gM Fe, this deficiency resulted in much slower growth. The growth rate estimated from the slope of the growth curve in the stationary phase was only one-third of the value obtained for the cultures grown in the presence of higher concentrations of Fe. DISCUSSION Cammack et al. (3) described the first systematic study of the bound Fe-S centers in cells of blue-green algae. In the present work using Aphanocapsa, it was possible to demonstrate the presence of the EPR signals of all PSI Fe-S centers, the Rieske Fe-S center, and Fd ( Figs. 1 and 2) . Furthermore, conditions were defined that allowed for obtaining the EPR spectra of individual Fe-S centers in Aphanocapsa cells with negligible interference by other centers. These included changes in redox potential and conditions of illumination as well as changes in the temperature of recording EPR spectra. Applying these conditions to a study of the effect of Fe deficiency, it has been possible to examine the relative amounts of various Fe-S centers in response to Fe deficiency. Other methods, such as differential absorbance spectroscopy, which may be convenient for the measurements of other electron carriers, such as Cyt, plastocyanin, and P700 (1, 16) , cannot be used for the study of membranebound Fe-S centers because of the broad absorbance bands and low differential extinction coefficient of Fe-S centers (10) .
At 
